INTRODUCTION
============

MicroRNAs (miRNAs) are a class of newly identified nonprotein-coding transcripts that are present in the cells of many species, ranging from worms to humans.^[@R1]--[@R3]^ miRNAs are approximately 22 nucleotide sequences long and participate in the regulation of several biological functions, including cell differentiation, cell cycle progression, and apoptosis.^[@R1],[@R4],[@R5]^ It is well known that miRNAs regulate the expression of approximately 50% of human genes.^[@R6]^ Interestingly, more than 52.5% of miRNA genes are located within carcinoma-related genetic regions or in fragile sites, which implies that miRNAs may play a pivotal role in the pathogenesis of a limited range of human diseases, especially including many cancers.^[@R7],[@R8]^ However, the study of correlations between miRNAs and human cancers is in its infancy.^[@R9]^

Recently, 1872 precursors and 2578 mature miRNAs have been identified and described in humans.^[@R10]^ Numerous studies have indicated that aberrant expression of miRNAs may influence diverse carcinogenic processes through mRNA targets that encode oncogenes or tumor suppressor genes for several types of cancer, including breast cancer (BC).^[@R11],[@R12]^ Some miRNAs, such as miR-183, miR-494, and miR-21, were upregulated in metastatic BC tissues which was associated with a poor prognosis. These data indicated that these miRNAs represent new risk biomarkers of metastatic BC and may be useful for future-targeted studies.^[@R13]^

The role of single nucleotide polymorphisms (SNPs) in miRNAs has been regarded as being potentially linked with many different cancers. As the most frequent cancer among women, BC is an important topic for studies of the links between miRNAs and human cancers. While previous studies have investigated the relationships between common SNPs in miRNA genes and BC (such as for rs11614913 in miR-196a2, rs3746444 in miR-499, and rs4919510 in miR-608), only some of these studies have found significant associations with increased susceptibility to BC. Recently, 1 case-control study indicated that polymorphisms of rs11614913 and rs3746444 were associated with susceptibility to BC in southern Chinese women.^[@R14]^ However, another previous study suggested that SNPs rs11614913 and rs3746444 were not associated with BC risk or age at BC onset.^[@R15]^ To date, only one case-control study has focused on the link between variant genotypes of rs4919510 and BC risk, and negative results were observed in the overall population.^[@R16]^ Thus, we decided to genotype 3 different SNPs (rs11614913, rs3746444, and rs4919510) and assess their associations with BC risk in independent case-control sets of Chinese women.

MATERIALS AND METHODS
=====================

Patients and Controls
---------------------

The cases were recruited from the Department of Oncology of the Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an City, China. The eligible patients were women who had been newly diagnosed with BC that was treated at the hospital. These women were consecutively recruited between January 2012 and October 2014 with an overall response rate of 92.6% (560/605). All subjects had nonfamilial cases of BC and were Han Chinese individuals from Xi'an City and surrounding regions in Shaanxi Province. Women were excluded from the study if they had a self-reported history of prior cancer or a self-reported history of prior radiotherapy and/or chemotherapy for unknown conditions. The patient cohort consisted of 560 subjects (mean age 49.09 ± 11.02 years) with histologically confirmed BC, whereas the control cohort included a total of 583 cancer-free female volunteers who were recruited from the same hospital and had a similar age distribution (mean age 48.80 ± 8.28 years). All study subjects were genetically unrelated Chinese individuals.

The study was approved by the Institutional Review Board of Xi'an Jiaotong University (Xi'an, China). The study methods were carried out in accordance with approved guidelines.^[@R17]^ All of the participants were surveyed using a self-administered questionnaire after written informed consent had been obtained. After the survey, about 2 mL of venous blood was collected from each subject.

DNA Extraction and Genotyping
-----------------------------

The blood samples were collected in tubes containing ethylenediaminetetraacetic acid. Subsequently, the samples were centrifuged at 8000*g* for 180 s at room temperature. After centrifugation, the specimens were stored at −80°C. Genomic DNA from each sample was isolated from the leucocytes of the peripheral blood using the Qiagen DNA Blood Mini Kit (Qiagen, Valencia, CA) according to the manufacturer\'s instructions. We selected 3 tag SNPs for genotyping in this study: rs11614913, rs3746444, and rs4919510. These SNPs, which captured the majority of known common variations of miRNAs, were listed in the public database of the Chinese population from HapMap ([http://www.hapmap.org](http://www.hapmap.org/)). SNP genotyping was performed using the Sequenom MassARRAY RS1000 (Sequenom, San Diego, CA) according to the standard protocol recommended by the manufacturer.^[@R18]^

The following, corresponding primers were used for each SNP: for rs11614913, forward primer 5′-ACGTTGGATGTCGACGAAAACCGACTGATG-3′ and reverse primer 5′-ACGTTGGATGCTGATCTGTGGCTTAGGTAG-3′; for rs3746444, forward primer 5′-ACGTTGGATGACGGGAAGCAGCACAGACTT-3′ and reverse primer 5′-ACGTTGGATGGGCTGTTAAGACTTGCAGTG-3′; and for rs4919510, forward primer 5′-ACGTTGGATGATTCCCAAGATCCACTGGGC-3′ and reverse primer 5′-ACGTTGGATGATGGAAGCTCTTGGAGATGC-3′. Sequenom MassARRAY Assay Design 3.0 software was used for the data analyses,^[@R18],[@R19]^ and the data were managed using Sequenom Typer 4.0 software.

Statistical Analysis
--------------------

Differences in demographic variables and risk factors between BC cases and controls were compared using Student *t* test for continuous variables and the Chi-square test for categorical variables. The Hardy-Weinberg equilibrium (HWE) of the control subjects was evaluated for each of the SNPs using a goodness-of-fit Chi-square test before the analysis. The associations between miRNA SNPs, BC risk, and the patients' clinical characteristics were determined by computing the odds ratios (ORs) and 95% confidence intervals (CIs) from both univariate and multivariate logistic regression analyses. Stratified analyses was used to assess BC risk in subgroups based on tumor size, axillary lymph node metastasis, progesterone receptor expression, estrogen receptor expression, and human epidermal growth factor receptor 2 (HER2) expression. The analysis was carried out using co-dominant, dominant, recessive, and allele models.

All of the statistical analyses were performed using SPSS version 18.0 for Windows (PASW Statistics, SPSS Inc, Chicago, IL). The statistical power was calculated to evaluate the significant findings. Only the significant result with a statistical power value \>0.8 was considered a noteworthy finding. The statistical power of the case-control study was calculated using QUANTO software 1.2.4 (University of Southern California, Los Angeles, CA; <http://biostats.usc.edu/Quanto.html>). All statistical tests were 2-sided, *P*-values \<0.05 were considered statistically significant.

RESULTS
=======

General Characteristics of the Subjects
---------------------------------------

The characteristics of both the cases and controls are presented in Table [1](#T1){ref-type="table"}. The study group involved 560 BC patients with an average age of 49.09 ± 11.02 years and 583 healthy subjects with an average age of 48.80 ± 8.28 years (*P* = 0.26). There was no significant difference in the distributions of menopausal status or procreative times between the case and control groups (*P* \> 0.05). However, body mass index was significantly higher in the control group than in the case group (22.95 ± 3.21 vs 22.52 ± 2.84; *P* = 0.038), which might have resulted from weight loss after the onset of breast cancer. In light of this difference, our statistical analysis of the case-control comparisons was adjusted for body mass index.

###### 

Frequency Distribution of Selected Variables in Breast Cancer Cases and Cancer-free Controls
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Associations of miRNA SNPs and Risk of BC
-----------------------------------------

The results indicated that all 3 of the SNPs were in HWE among the controls (rs11614913, *P* = 0.54; rs3746444, *P* = 0.13; and rs4919510, *P* = 0.98), which excludes the possibility of experimental artefacts. The frequencies of genotypes and alleles of the 3 miRNA SNPs in BC patients and healthy controls are shown in Table [2](#T2){ref-type="table"}. For rs11614913, the minor allele T was associated with a decreased risk of BC based on results from dominant (OR = 0.67, 95% CI = 0.52--0.86, *P* = 0.002), recessive (OR = 0.65, 95% CI = 0.48--0.86, *P* = 0.003), and allele models (OR = 0.73, 95% CI = 0.62--0.86, *P* = 0.0002). In the analysis of rs3746444, the individuals who carried the AG or GG genotype had an increased risk of BC as compared with the individuals who had wild type AA (OR = 1.45, 95% CI = 1.10--1.91, *P* = 0.008). For rs4919510, no significant associations were observed in any of the genetic comparison models of controls and BC patients.
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Genotype Frequencies of miR-196a2, miR-499, miR-608 SNPs in Controls and Breast Cancer Patients
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We also obtained the statistical power of 0.876 and 0.824 for the 2 significant polymorphisms identified, rs11614913 and rs3746444, respectively. This showed that our sample size of 1143 was adequate and the study was sufficiently able to detect the true association of these 2 polymorphisms with BC.

Associations Between rs3746444 Polymorphism and Clinical Parameters of BC Patients
----------------------------------------------------------------------------------

As shown in Table [3](#T3){ref-type="table"}, we performed an age-stratified analysis of the associations between rs3746444 polymorphisms in miR-499 and BC. The results indicated that the rs3746444 variant genotypes (AG/GG) were significantly increased in older subjects (OR = 1.54, 95% CI = 1.03--2.30, *P* = 0.04). The same analyses were also conducted for the polymorphisms of rs11614913 and rs4919510; however, no statistically significant result was observed (data not shown).
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Stratification Analyses on Age between miR-499 Polymorphism and Breast Cancer Risk
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Stratified Analysis of the 3 Polymorphisms and BC Risk
------------------------------------------------------

We analyzed the associations between the 3 SNPs and a series of clinicopathologic features, including tumor size, lymph node metastasis, histological grade, venous invasion, estrogen receptor status, progesterone receptor status, HER-2 status, and Ki67 index (Table [4](#T4){ref-type="table"}). We found that the increased risk associated with the rs3746444 variant genotypes (AG/GG) was more pronounced in patients who were positive for HER-2 (OR = 1.65, 95% CI = 1.12--2.45, *P* = 0.01) and in those with moderate-severe vascular invasion (OR = 1.71, 95% CI = 1.17--2.50, *P* = 0.005). The risk associated with rs4919510 GC/CC variant genotypes was also significantly higher in patients who were positive for HER-2 (OR = 2.06, 95% CI = 1.33--3.19, *P* = 0.001). In addition, a significant association was observed between rs11614913 polymorphisms and patients who had lymph node metastasis (OR = 1.51, 95% CI = 1.07--2.15, *P* = 0.02).
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Stratified Analyses on Association between miR-196a2, miR-499, and miR-608 Polymorphism and Clinical Characteristics of Breast Cancer Patients
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DISCUSSION
==========

It has recently been shown that, as pathway regulators, miRNAs are involved in several human biological processes and that abnormal expression of miRNAs is associated with many human malignancies.^[@R20],[@R21]^ Further, SNPs or mutations in the genes encoding miRNAs may influence the translation of a target mRNA and contribute to its aberrant expression, thereby potentially affecting the risk of developing cancer.^[@R22]^ Located in the mature sequence of miR-196a-3P, rs11614913 variation could lead to less efficient processing of the miRNA precursor to its mature form and diminished capacity to regulate target genes.^[@R23]^ Hsa-mir-499 rs3746444 A \> G polymorphism-resulted mismatch may affect target mRNA expression. Epidemiological studies found that various effects of rs3746444 polymorphism on different genes may result in different associations with diseases such as cancer at phenotype level.^[@R24]^

We conducted a case-control study to explore polymorphisms in miR-196a2 (rs11614913), miR-499 (rs3746444), and miR-608 (rs4919510) and their associations with BC susceptibility. We included 583 controls and 560 BC patients, all of whom were of Chinese descent. The results showed that the rs11614913 variation (CT/TT) was significantly associated with a decreased risk of BC. Further, the rs3746444 variant genotypes (AG/GG) were associated with a significantly increased risk of BC, as compared with the TT genotype. However, rs4919510 polymorphism had no significant association with BC susceptibility. The results suggest that common SNPs in miRNAs, as candidate biomarkers, could contribute to BC susceptibility in Chinese women.

Currently, gene polymorphism of rs11614913 is one of the most investigated SNPs in case-control studies of several types of cancer. Genotype-phenotype correlation analyses found that the CC homozygote in miR-196a2 was associated with significantly increased miR-196a expression.^[@R25],[@R26]^ miR-196a has been identified as partially directing the cleavage of the mRNA of the *HOX* gene clusters as an upstream regulator.^[@R27]^ Recent data have shown that *HOX* genes were expressed aberrantly and that *HOXD10* initiated tumor invasion and metastasis in BC.^[@R28]^ Using a whole-genome expression microarray, Hoffman et al^[@R23]^ showed significantly more enhanced gene expression in the C allele of rs11614913 than in the T allele, indicating that the miR-196a2 variant might have a potential oncogene role in breast tumorigenesis. Recent findings by Hu et al^[@R14]^ have indicated that CC/CT genotypes were associated with significantly increased risks of BC, as compared with the TT genotype. However, the link between rs11614913 and BC risk was not observed in other studies by Catucci et al^[@R15]^ and Jedlinski et al.^[@R29]^ Furthermore, the results of several meta-analyses showed that the CC genotype of rs11614913 polymorphism had significant associations with an increased risk of BC,^[@R30]--[@R34]^ and our results supported these findings.

Considering the existing evidence regarding miR-499 (rs3746444) in cancer development, we evaluated related associations in our study of patients with BC. The rs3746444 polymorphism, which is located at the 3p mature miRNA regions of miR-499a, involves an A to G nucleotide substitution and influences the binding of target mRNAs to 3p mature miRNAs. miR-499 can target regulation of the expression of *FOXO4*, *PDCD4*, and *SOX6* genes, which play important roles in the etiology of cancers.^[@R35],[@R36]^ Recent analyses of rs3746444 polymorphisms in BC patients have shown mixed results. Some studies reported that rs3746444 was associated with increased BC risk for multiple ethnicities.^[@R37]--[@R39]^ In contrast, negative results were observed in Caucasian^[@R15]^ and in Chinese individuals.^[@R40]^ Although some meta-analytic results showed that the association was more notable in Asian populations than in Caucasian populations,^[@R32],[@R41]^ other meta-analyses found no significant association between rs3746444 and BC risk.^[@R34],[@R42]^ In our study, the results suggested that individuals who carried rs3746444 AG/GG genotypes had an increased BC risk. Moreover, the rs3746444 AG/GG genotypes were revealed to be associated with an increased risk of moderate-severe vascular invasion and positive HER-2 in BC. Interestingly, our subgroup analysis showed that the increased risk associated with the rs3746444 AG/GG genotypes was more prominent in individuals older than 49 years. It is commonly known that individuals become more susceptible to many types of cancer with increasing age. However, the finding regarding rs3746444 should be interpreted with caution because of the finite number of subjects in this study.

The rs4919510 polymorphism in miR-608 has been poorly investigated in BC, as compared with other types of cancer. A recent meta-analysis did not find significant associations with rs4919510 polymorphism, in terms of either the overall risk of cancer or the risks of specific types of cancer.^[@R43]^ A case-control study that included 1138 patients with sporadic BC and 1434 community-based controls found no significant association with BC risk, but variant genotypes (GC/GG) were significantly associated with an increased risk of HER2-positive BC. Our study supports the negative findings of this previous study in that no significant association was detected between the rs4919510 polymorphism and the risk of BC. Furthermore, when analyzing the associations between the rs4919510 variant and clinicopathologic features of BC, we also found that GC/GG genotypes were specifically associated with an increased risk of HER2-positive BC. The association between rs4919510 and prognosis has also been investigated in BC patients, and the results showed that rs4919510 polymorphisms were significantly correlated with recurrence and survival.^[@R44]^

The present study had several limitations that should be acknowledged. First, the numbers of enrolled women with and without BC were not large enough for this genotyping study to be conclusive. Therefore, the associations that were observed for the 3 SNPs should be investigated in further, larger-scale studies. Second, since most of the women in the control group came to our hospital for breast examinations, the enrolled control group might have had an elevated prevalence of benign breast disease. More generally, the choice of the control group could have biased the analysis because it was composed of hospital-based patients without previous cancer histories. It is important to note that all subjects in the case and control groups were genotyped using the same genotyping platform and comparable technical procedures, in order to control for errors associated with the detection method.

In summary, our study found significant associations between miR-196a2 (rs11614913) and miR-499 (rs3746444) and the risk of BC in a Chinese population. These results have provided us with further motivation to investigate and clarify the function of miRNA SNPs in normal and malignant human cells. However, the present study had limitations that should be acknowledged when considering its conclusions. Data were often unavailable on factors that are commonly associated with gene--environment interactions, such as alcohol consumption and smoking, which prevented us from performing stratified analyses for these factors. Further, sample size is an important parameter in any study of gene polymorphisms. The BC and control groups were not large enough for this genotyping study to be conclusive; therefore, studies with larger patient cohorts are needed to confirm the roles of miR-196a2, miR-499, and miR-608 SNPs in BC risk.
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